The female Japanese flounder, Paralichthys olivaceus, ovulates and spawns almost daily during the spawning season from March to May5),*7 and has a diurnal rhythm of oocyte development and steroid hormone production.*7 However, the short-term cyclical change of testicular ac tivity in male fish during the spawning season, including the Japanese flounder has not been investigated. According to observations of the spawning behavior of a captive population of Japanese flounder, only a single dominant male mates with a mature single female, although all males which chase the female release their milt (personal com munication from N. Miki, Tottori Prefectural Office, Fish eries Section). Furthermore, we can strip out a sufficient volume of milt from one spermiating male and use them for artificial insemination every day (our unpublished data). These findings suggest that males in spermiating condition may participate in daily spawning, and male fish may have the ability to produce sperm daily. The present study ex amined the diurnal changes in testicular germ cell composi tion and serum steroid hormone levels in the spermiating Connected from the central interior testicular lobe is a common sperm duct. B, Cross section of the anterior part of the left testicular lobe taken at the level indicated by the cross-line in Fig. 1A . 
Terminology
For the purpose of this study, the term "spermato genesis" refers to the entire formative process of sperma tozoa from spermatogonia. The term "spermiation" de scribes the terminal phenomenon of the spermatogenic cycle. Spermiation in lobular type testis involves the release of spermatozoa into the lobular lumen and their arrival in the main sperm duct.10-12)
Results

Testicular Structure
Paired testes are scalene-triangular white organs attached to the dorsal-hind surface of the body cavity by mes orchia. The testicular structure of the Japanese flounder belongs to the lobular type (for review see Billard et al .,10) (Fig. 2) . This area is connected to a duct that joins it to the genital pore. The extratesticular duct, commonly called the common sperm duct, is long and acts as a sperm storage organ. It consists of ten or more small ducts sevarated by the thick muscular septa.
Germ Cell Composition
Diurnal changes in germ cell composition are shown in Fig. 3 . The upper row shows the diurnal changes in the number of different testicular germ cells per cross section of seminal lobule. In the upper row, B-type spermato gonia and spermatocytes increased in number from the lowest level (p<0.01) at 22:00 (186 cells/lobule), peaked (p<0.01) at 10:00 (292 cells/lobule), and thereafter gradu ally decreased until 22:00. Spermatid number per lobule exhibited a pattern similar to that of B-type spermatogonia and spermatocytes, showing the lowest level (p<0.01) at .22:00 (348 cells/lobule) and peaking (p>0.05) at 10:00 (588 cells/lobule). Spermatozoa number per lobule showed an inverse correlation with that of spermatids, i.e., the number decreased from the peak at 22:00 (782 cells/lobule) to 10:00 (375cells/lobule) (p<0.01), then increased from 14:00 to 22:00 (p<0.01). germ cells per cross section of seminal lobule were also calculated in order to examine whether different cross sec tion sizes of the seminal lobules influence the outcome (lower row in Fig. 3) . Results obtained for the germ cell proportion were similar to those for germ cell number. Thus, these results suggest the existence of a diurnal perio dicity in spermatogenesis and spermiation in spermiating Japanese flounder.
Typical cross sections of seminal lobules of the testes sampled at 10:00 and 22:00 are shown in Fig. 4 Thus, in the male Japanese flounder, spermatogenesis and spermiation occurred on a daily basis. To our knowledge, in vertebrates, such a diurnal periodicity in spermatogenic activity has not been previously reported.
Although do mestic fowl and quail are well known as daily spawners, no study has been conducted on the dynamics of sper matogenesis in males.
The volume of milt sampled from the common sperm ducts of the removed testes was between 6.5 and 13.7 ml and showed no changes statistically (data not shown), although we expected a decrease in milt volume just after spawning. The present findings regarding milt volumes in the common sperm duct might be interpreted as reflecting a rapid recruitment of sperm from the sperm sinus to the common sperm duct. The mechanism of storage and release of sperm in the sperm sinus and the common sperm duct of the Japanese flounder during the spawning period is still unclear.
In male teleosts, T and 11-KT are thought to regulate spermatogenesis, and their levels are elevated before spawn ing. 1,2,10) In short-term cycles, blood steroid levels associ ated with spermiation and spawning are similar in males of several teleost species. At the onset of spermiation, plasma androgen levels rapidly decline, and progestogen levels rise. These changes have been reported in at least four salmonids, a perciform, and three cyprinids (see Barry et al 14) ). In the present study we were unable to detect any correlation between the serum levels of T or 11-KT and the daily cycle of testicular development. The annual changes of serum T and 11-KT levels in the male Japanese flounder, however, showed similar patterns to those in the species mentioned above. Serum T and 11-KT levels peaked just prior to the spawning season (0.5 ng/ml and 2.5 ng/ml, respectively) and at the onset of spermiation they declined to.0.3 ng/ml (T) and 1.0 ng/ml (11-KT) (our unpublished data), suggesting the involvement of T and 11-KT in the regulation of spermatogenesis in Javanese flounder. In the present study, we postulate that the male fish used participated in the spawning which occurred daily in the captive tank. We can infer, however, that there were some exceptional individuals which did not take part in the spawning on or before the day when they were sampled. Such different behavioral background would affect the results for germ cell composition or serum steroid hormone levels. In order to obtain more data on the testicular activity of Japanese flounder during short periods, the behavioral background of the sample fish should be taken into con sideration in future studies. 
